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吡啶钌分子的发光。使用壳层厚度为 2 nm/6 nm/10 nm/20 nm 的壳层隔绝银纳米
粒子对组装在基底表面上的三联吡啶钌分子进行光谱增强实验。结合瞬态光谱
获得不同壳层厚度纳米粒子增强 Ru(bpy)32+分子的寿命数据。稳态光谱上获得对
该分子三个数量级增强，其中在非耦合石英基底片上，壳层厚度为 10 nm 的
Ag@SiO2 增强最强；耦合基底片上，壳层厚度为 6 nm 的 Ag@SiO2增强最强。
寿命检测结果为增强能力最强的纳米粒子所获得寿命最短。 
第二个工作是进行多层核壳结构纳米粒子（即 Au@SiO2@Cy5@SiO2@Au）
的合成摸索。该工作以壳层隔绝纳米粒子结构为基础，选择 150 nm 金为内核，
在此基础上进行 Au@SiO2 的合成。通过化学键联的方式将 Cy5 分子链接在二氧
化硅表面，之后进行第二层隔绝层的包覆，合成外层金层，最终获得多层核壳
结构纳米粒子。通过检测不同结构纳米粒子惰性壳层中荧光分子的光谱行为，
发 现 三 层 结 构 Au@SiO2@Cy5 对 分 子 光 谱 增 强 最 强 ， 而 五 层 结 构
Au@SiO2@Cy5@SiO2@Au 对荧光分子光谱表现为一定的猝灭作用。结合理论计
算发现，三层结构纳米粒子的 SPR 与分子的激发光匹配，所以增强效应高；而
五层结构，由于外层金层和金内核的耦合，使得 SPR 峰红移，无法进行 SPR 匹
配实现对 Cy5 分子的增强。因此后续实验应通过整体减小粒子尺寸，调节夹层


































Fluorescence analysis has attracted more and more attention because of its highly 
sensitive and non-destructive way for detection. Especially the development of the 
surface enhanced Fluorescence (SEF), has given a strong boost to the fluorescence 
application in trace amount area and the single molecule level. Besides the aim to 
enhance the molecular spectra intensity, researchers also pay attention to the 
interaction between the molecules and mental nanoparticles. The frequently used 
methods include steady-state fluorescence, transient fluorescence and theoretical 
calculation. 
 The dissertation mainly includes two parts of work. The first work aimed to 
enhance the spectra intensity of Ru(bpy)32+ molecule bonded to the substrate surface. 
We firstly covalent bonded the molecule to the non-coupling and coupling substrates, 
then synthesized the shell-isolated nanoparticles Ag@SiO2 with the 2 nm/6 nm/10 
nm/20 nm silica shell to enhance the spectra of the Ru(bpy)32+ molecules. Combining 
the transient spectra to gain the different lifetime of the Ru(bpy)32+ molecules.  
As a result, we obtained the nearly three orders magnitude of the enhancement. 
For non-coupling quartz substrate, the Ag@SiO2 with 10 nm shell gained the 
maximum enhancement. For the coupling substrate, the 6 nm shell gained the highest 
enhancement. With the transient emission spectra, we obtained the obviously reduced 
lifetime of the Ru(byp)32+. The enhanced spectra intensity and reduced molecule 
lifetime both verified the molecule has been enhanced by the Ag@SiO2 nanoparticles. 
The second work mainly concentrated on the synthesis of the multilayer 
nanoparticles (Au@SiO2@Cy5@SiO2@Au). This work based on the structure of the 
shell-isolate nanoparticles, Au@SiO2, bonding the Cy5 molecule on the silica shell 
surface, then coated second layer silica, finally reduced Au3+ to gain the last Au shell. 
Comparing the spectra of Cy5 molecule in different nanostructures, we found the 
















the five layers nanostructure Au@SiO2@Cy5@SiO2@Au. With the theoretical 
calculation, we found the SPR of Au@SiO2@Cy5 matched the emission of the Cy5 
well, as for Au@SiO2@Cy5@SiO2@Au, because of the coupling between the Au 
core and Au shell, the SPR was shifted to the longer wavelength, so the SPR did not 
match the emission anymore.  


































































































































































































能级 S0 和 S1 之间能级差较大，通常无法通过热力学能量来获得激发态电子能级
S1 的电子布局，所以这就是用光而非热来作为激发源的原因。 
吸收了光能之后，荧光团可能会被激发至 S1 或 S2 电子能级中较高的振动能
级，除了一些例外情况，一般来说，这些激发态分子的电子会迅速弛豫到 S1 的






向会发生改变而到达第一三线态激发态 T1，从 T1 向基态 S1 的电子发射过程为磷
光过程。发生在 S1 至 T1 的转变过程为系间窜越，属于自选禁阻跃迁，从三重激
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